Advancement in correction or palliation of congenital cardiac lesions has greatly improved the lifespan of congenital heart disease patients, resulting in a rapidly growing adult congenital heart disease (ACHD) population. As this group has increased in number and age, emerging science has highlighted the systemic nature of ACHD. Providers caring for these patients are tasked with long-term management of multiple neurologic, pulmonary, hepatic, renal, and endocrine manifestations that arise as syndromic associations with congenital heart defects or as sequelae of primary structural or hemodynamic abnormalities. In this review, we outline the current understanding and recent research into these extra-cardiac manifestations.
and 6.8% of women suffered a stroke before age 65, with an incidence of ischemic and hemorrhagic stroke 12-fold and 6-fold higher than the general population. Ischemic stroke was associated with heart failure, diabetes, and recent MI; CHD lesions predisposing to cyanosis and left-sided CHD lesions had the highest associated stroke rate.
Mechanistically, CHD can directly increase stroke risk through right-to-left shunting, allowing paradoxical embolism of thrombus from venous to arterial circulations. This is most commonly seen in the context of an atrial septal defect (ASD) or patent foramen ovale (PFO), particularly when associated with atrial septal aneurysm, but can also occur with shunting through baffle leaks in d-transposition of the great arteries (TGA) repaired by atrial switch (Mustard or Senning procedures) or in palliated single-ventricle patients with surgical fenestrations. In the presence of these defects, right-to-left shunting can occur due to pathologically elevated right atrial (RA) pressure or with transient physiologic elevation of RA pressure to greater than left atrial (LA) pressure (as with the Valsalva maneuver or briefly during early ventricular systole) [6] . Patients with Ebstein anomaly commonly have associated ASD and are at theoretically higher risk of paradoxical embolism due to blood stasis within an enlarged RA [7] . Current guidelines recommend closure of ASD (either percutaneously or surgically) and repair of baffle leaks following paradoxical embolism [7] . The benefit of PFO closure in cryptogenic stroke remains strongly debated and will not be discussed. Interested readers are referred to Rohrhoff et al. [8] for additional information.
Cyanotic congenital heart disease (CCHD) patients are at high risk for iatrogenic stroke due to paradoxical embolization of air or thrombus. As such, indwelling venous catheters should be avoided and if necessary precautions taken to avoid introducing air (including use of filters). Specific pathophysiology of stroke in CCHD is discussed below.
The reason for higher rates of stroke with left-sided lesions (including congenital mitral stenosis, mitral insufficiency, aortic stenosis, aortic insufficiency, and aortic coarctation) is unclear, but may be due to a predisposition to arterial thromboembolism. Regardless of the specific lesion, CHD can predispose to arterial thrombi through heart failure, atrial arrhythmias, mechanical valve prostheses, cardiothoracic surgery, and catheter-based interventions.
Intracranial aneurysms
Intracranial aneurysms (IA) are five times more common in coarctation of the aorta than the general population, occurring in $10% of screened coarcts [9] . This was previously ascribed to syndromic association, though a recent study has shed new light on this relationship [10] . Screening performed in 80 children prior to early coarctation repair (mean age ¼ 2.6 years) detected no IA. Importantly, no IA was seen at interval screening following repair (mean age ¼ 15.7 years). This suggests that IA in adults with unrepaired coarctation is at least in part a secondary effect of coarctation (and likely the resulting hypertension), rather than a neurodevelopmental abnormality. Another explanation is a two-hit hypothesis, with developmental abnormalities predisposing to IA formation after exposure to longstanding hypertension.
An association between bicuspid aortic valve (BAV) and IA has also been reported [11] , but this has also been questioned by recent data. In a retrospective study of adults treated for IA, the prevalence of BAV (1-2%) was similar to the general population [12] . There was, however, an increased prevalence (4.7%) of thoracic aortic aneurysm (TAA). Indeed, the majority of BAV patients with IA in prior studies also had TAA [11] . As with coarctation, the relationship between TAA and IA is likely a manifestation of both developmental predisposition and shared risk factors (hypertension). Although there are no current screening guidelines specific to CHD, these data suggest that cerebral imaging be considered in CHD patients with TAA.
Cerebral complications of cyanosis
CCHD carries an exceptionally high risk for stroke. Also, 47% of adult CCHD patients screened with brain MRI had evidence of prior stroke, with 53% having had multiple events [13] . Importantly, only 13% of patients reported a history of prior stroke, suggesting a high prevalence of clinically silent events. Among CCHD patients, hypoxemia and complexity of CHD were identified as stroke risks. Contrary to common teaching, polycythemia and hemostatic abnormalities were not associated with stroke risk, consistent with emerging science suggesting hypocoagulability in these patients [13, 14] .
CCHD also carries an increased risk for brain abscess. Though data are limited, one study estimated a 2% incidence over 13-years of follow-up. The most commonly associated CCHD lesions were tetralogy of Fallot (TOF ¼ 61.2%) and TGA (9.6%) [15, 16] . Right-to-left shunting carries any increased risk of infective endocarditis and may predispose to brain abscess by both allowing arterial bacteremia (due to bypass of the normal phagocytic filtering ability of the lungs) and a focal ischemic nidus for infection (due to hyperviscosity) [16] [17] [18] .
Neurodevelopmental issues
Neurodevelopmental abnormalities are common in ACHD, both as innate changes in brain development (as with Down or DiGeorge syndromes) and as acquired abnormalities due to brain injury. Data on cognitive function in ACHD are limited and mixed [19] , but a predilection toward neurologic abnormalities in ACHD can be expected given the high frequency of neurodevelopmental abnormalities in pediatric CHD [20] . The prevalence of neurologic abnormalities among school-age CHD patients ranges from 20% in total anomalous pulmonary venous connection and isolated atrioventricular septal defects, to as high as 70% in TGA and hypoplastic left heart syndrome [21] . In general, the prevalence and severity of neurodevelopmental impairment increase with lesion complexity [22] . Acquired brain injury has been associated with cardiopulmonary bypass and circulatory arrest during CHD surgery [20] . Developmental abnormalities can also result from disturbed fetal and/or postnatal cerebral blood flow (seen in hypoplastic left heart syndrome and TGA), hypoxemia (CCHD), failure to thrive, arrhythmias, seizures, or hypotension (often in relation to procedures) [23] .
Neuropsychiatric
Psychiatric illness is common in ACHD, perhaps secondary to the myriad psychosocial challenges related to CHD and its treatment [24, 25] . Up to one-third of North American ACHD patients have low mood or anxiety disorders, many of which are unrecognized by health care providers [25] . Data on this subject are mixed, with the association less clear among European patients [25, 26] . Importantly, major adverse cardiac events were 2-fold higher over 5 years among depressed ACHD patients [27] , and quality of life was more strongly associated with minor depressive symptoms than with exercise capacity [28] . Finally, children undergoing cardiac surgery have high rates of post-traumatic stress disorder, though it remains unknown whether this carries over to adult survivors [29] . ACHD patients should be screened for depression and anxiety, and guidelines recommend assessment of psychosocial needs as part of routine care, with mental health providers included in the care team [20] .
Management of ACHD is improved by understanding their psychosocial profile. Adults with complex CHD can exhibit denial or anger regarding their condition. Their concerns frequently include pregnancy and childbirth (including concern over having a child with CHD), limited lifespan, and long-term disability [30] . It is important for providers to recognize and proactively manage these considerations, including routine screening and referral to experienced mental health providers.
Pulmonary

Pulmonary function limitations
Abnormal lung function is common in ACHD and is associated with decreased exercise capacity, exercise duration, and worsened functional status. Nearly half (44-47%) of ACHD patients have restrictive lung disease (RLD), including 89% following Fontan repair and 76% with TOF [31, 32] . Predictors of RLD include multiple prior thoracotomies (possibly due to associated chest wall deformity or weakness), diaphragmatic nerve palsy, cardiomegaly, atrial arrhythmias (perhaps related to amiodarone use), scoliosis, complex CHD, and increased BMI [32, 33] . CCHD and increased CHD complexity are further associated with worsened lung function [33] . RLD can also be seen in CHD associated with lung underdevelopment (as in scimitar syndrome-partial anomalous pulmonary venous return with hypoplastic right lung) or related to impaired pulmonary blood flow due to congenital pulmonic stenosis or TOF [34] . Importantly, moderately to severely impaired lung function (as measured by FVC) is an independent predictor of mortality in ACHD (OR ¼ 1.6) [33] .
CHD-associated structural abnormalities
Enlarged or malpositioned cardiovascular anatomy can directly impinge on adjacent pulmonary structures, leading to altered development or compression. This often manifests early in life when related to congenital malformations, but can theoretically complicate any CHD lesion that results in chamber dilatation. Cardiomegaly (especially right heart enlargement) is a predictor of restrictive lung physiology [33] and is seen in CHD with chamber enlargement due to volume overload (from left-to-right shunts or valvular regurgitation), pressure overload (due to outflow obstruction), or cardiomyopathy. The position of the left atrium beneath the carina allows LA enlargement, in particular, to cause secondary displacement and/or impingement of the mainstem bronchus [35] .
Similarly, enlargement or malposition of the great arteries can cause impingement of the mainstem bronchus, leading to tracheobronchomalacia [34] . This is seen early in life in TOF with absent PV, but can theoretically be seen with progressive structural changes in any ACHD patient. Similarly, a pulmonary artery (PA) sling, in which an anomalous left PA arises from the right PA and traverses leftward behind the trachea, can lead to compression of the right mainstem bronchus and distal trachea [35] . In general, such structural cardiopulmonary interactions are well characterized in pediatric patients, but are less appreciated in adults.
Pulmonary hypertension
Pulmonary hypertension (PH) complicates multiple forms of CHD and carries important prognostic and management implications. The prevalence of PH varies in different CHD populations, with estimates from 6% to 28% [36, 37] . PH confers a higher rate of death (OR ¼ 2.7) and morbidity (including heart failure and arrhythmia; OR ¼ 3.0) compared to CHD without PH [36] . Moreover, PH patients have higher resource utilization, including higher rates of hospitalization (including intensive care unit stays), echocardiography, and cardiac catheterization [36] .
The clinical presentation of PH is nonspecific, and includes exertional dyspnea, fatigue, chest pain, and syncope [38] . ACHD patients with progressive PH often subconsciously decrease activity and may be unaware of their limitations. There are myriad multiorgan system consequences of PH including cardiovascular, hematologic, infectious, renal, and hepatic complications [39] .
Generally, PH in CHD can be divided into pulmonary venous hypertension, pulmonary arterial hypertension (PAH), or a combination of both. A given anatomical lesion can lead to PH through many different mechanisms, and hemodynamic assessment with direct or indirect measurement of left heart filling pressure is critical to appropriate differentiation [40] . Pulmonary venous hypertension represents passive increase in pulmonary pressure from elevated left-sided filling pressure. This is seen in congenital lesions causing obstruction to left heart inflow (Shone syndrome and cor triatriatum), obstruction to outflow (congenital AS and sub/supravalvular AS, aortic coarctation, Shone syndrome), or CHD-related cardiomyopathy [37, 41] . PAH, in contrast, arises from structural lesions (including left-to-right shunts) that lead to increased pulmonary vascular resistance. Importantly, PAH can progress even after successful shunt closure.
Not all CHD with systemic-to-pulmonary shunt leads to significant PH. Truncus arteriosus, ventricular septal defect, ASD, and patent ductus arteriosus are the most commonly identified lesions associated with severe PH and Eisenmenger syndrome [38] . As compared with atrial-level shunting, ventricular-level shunts cause volume and pressure overload and lead to earlier and more severe PH [36, 37] . Shunt-related PAH differs from other etiologies in that chronic RV overload begins early in life, allowing greater compensation (through RV remodeling) to increased afterload [38] .
Hepatic
There are rare primary hepatic abnormalities that carry an association with CHD [42, 43] , but the majority of hepatic manifestations in CHD occurs secondary to hemodynamic perturbations and is not usually specific to particular CHD malformations. Cardiac disease of any cause can cause hepatic dysfunction through elevated hepatic vein pressure (congestive hepatopathy), decreased hepatic blood flow (ischemic hepatitis), or hypoxemia [44] .
Congestive hepatopathy
Any elevation in central venous pressure (CVP) is communicated to the liver and can cause hepatic sinusoidal dilatation, edema, and hypertension. Over time, this leads to hepatocyte atrophy, hepatic fibrosis, and portal hypertension [44] . As listed in the Table, increased CVP is encountered in multiple CHD contexts, either through direct elevation of RA pressure [as from left-to-right shunting or tricuspid regurgitation (TR)], secondary elevation of RA pressure due to sub-pulmonic ventricular failure, or following Fontan palliation.
Workup of hepatic dysfunction in CHD includes noninvasive and/or invasive hemodynamic assessment for anatomical causes of increased CVP, including stenosis within surgically created baffles or conduits (as in Fontan, TGA post-Mustard/Senning, or repaired TOF) and worsening valvular stenosis or regurgitation. There is ongoing research into noninvasive measurement of CVP by transient elastography (TE), either by ultrasound or MRI, which has been shown to correlate with CVP and may be useful in management [45, 46] .
Ischemic hepatitis
Hypoperfusion from any cause can result in ischemic hepatitis, manifested as hepatocyte necrosis. The majority of ischemic hepatitis occurs in the context of congestive heart failure, in which a combination of poor cardiac output and decreased portal inflow due to hepatic congestion leads to underperfusion [44] . As with congestive hepatopathy, it is not specific to CHD type. Rather, it can complicate any CHD presentation that includes poor cardiac output, including cardiomyopathy, hypotension, and arrhythmia (or combination thereof). The biochemical hallmark of ischemic hepatitis is elevation of aminotransferases to the thousands within 24 hours, along with elevations in bilirubin that lag in their rise and fall [42] . Management of ischemic hepatitis is aimed at increasing hepatic perfusion.
Cholelithiasis in CCHD
Erythrocytosis in CCHD increases bilirubin formation (through heme metabolism) that in turn predisposes to pigment gallstones. Gallstones are twice as prevalent among CCHD (current or previously corrected) compared to agematched acyanotic CHD [47] . Management, as in the general population, should be symptom-driven.
Iatrogenesis
Hepatic dysfunction in CHD can result from iatrogenesis, especially in the context of medications (drug-related hepatitis) [42] . Of particular concern in ACHD are antiarrhythmic medications, especially amiodarone. Encouragingly, amiodarone-induced hepatotoxicity does not appear to be increased in non-CHD-related right heart failure [48] . Iatrogenic hepatic injury in ACHD can also occur as a result of transfusion-related infections [42] . CHD patients who underwent heart surgery before 1992, when routine hepatitis C virus (HCV) blood screening was instituted, have higher rates of HCV infection [49] . AHA/ACC guidelines suggest screening such patients for indolent infection.
Cirrhosis
Chronic congestive hepatopathy from any cause can lead to cirrhosis. Management of cirrhosis in the ACHD population is similar to other patient populations, with focus on reducing hepatic congestion by lowering CVP. Additionally, the hemodynamic effects of cirrhosis itself-decreased systemic vascular resistance, cirrhotic cardiomyopathy, and hypervolemia -can complicate hemodynamic management of ACHD [50] . Theoretically, developing portopulmonary hypertension could further decompensate a cirrhotic ACHD patient. Unfortunately, this entity is both difficult to define and study given myriad etiologies for PH in CHD. Likewise, hepatopulmonary syndrome has never been defined in the CHD population, but its resulting hypoxemia could complicate management of the cirrhotic ACHD patient.
Hepatocellular carcinoma (HCC) can result from any form of advanced liver fibrosis. It has been reported in chronic congestive hepatopathy resulting from Fontan palliation, repaired TOF, and TGA following Mustard repair [50] [51] [52] . HCC has not been systematically studied in ACHD patients, and current ACHD guidelines do not address screening.
Combined heart-liver transplant has been performed in end-stage liver disease in CHD, but it is an uncommon procedure performed at limited centers [53] [54] [55] . From 1987 to 2010, in the United States, only 97 heart-liver transplants were reported, 17 of which had primary CHD. Further, 5-year 
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survival was 72.3%, comparable to that for isolated liver or heart transplantation [56] .
Within CHD, the most studied liver disease population is Fontan repairs. These patients are predisposed to hepatic injury by pre-Fontan hypoxemia as well as chronically increased CVP and (often) depressed cardiac output following Fontan palliation [52, 57] . The presentation of hepatic dysfunction following Fontan is similar to other congestive hepatopathies, but signs and symptoms may be muted due to chronicity [52] . Additionally, for unclear reasons, the hepatic venous pressure gradient is usually normal [57] . Still, the effects of increased portal pressures, including formation of esophageal varices, can be seen [52] .
Renal
Renal dysfunction is very common in ACHD, with reduced GFR 18-fold more common that the general population. In a cohort of 1102 patients with a broad spectrum of CHD, 50.2% had at least mild renal dysfunction and 9.3% had moderately or severely reduced renal function [58] . Renal dysfunction was associated with both simple and complex lesions (Fig. 1) . The majority of renal manifestations of ACHD occur secondary to primary cardiac pathophysiology. Syndromic association exists between familial subvalvular and supravalvular aortic stenosis (Williams-Beuren Syndrome) and renal artery stenosis [7, 59] .
As in any patient, cardiac dysfunction in CHD can lead to secondary renal injury through reduced renal blood flow (low cardiac output), renal venous congestion (elevated CVP), and impaired renal autoregulation. Additionally, nearly all CHD patients are at further risk for renal dysfunction due to adverse exposures including cardiothoracic surgery, cardiopulmonary bypass, and nephrotoxic medications (including ACE-inhibitors and loop diuretics) [58, 60] .
Renal dysfunction in CCHD is well recognized but poorly understood. Possible pathophysiologic contributions include polycythemia (and subsequent hyperviscosity), chronic hypoxia, changes in intraglomerular hemodynamics, neurohormonal activation, and altered autonomic regulation [58, 60] .
Renal risk factors
Predictors of renal dysfunction in ACHD include worsened functional class, diuretic use, and cyanosis. CCHD experiences a nearly 35-fold higher prevalence of renal dysfunction compared to the general population. Patients with Eisenmenger physiology have the lowest glomerular filtration rate and highest prevalence of renal dysfunction (18%) among ACHD [58] . Notably, prior work has established that nephropathy is higher in unrepaired CCHD, compared to repaired, acyanotic patients, suggesting that cyanosis itself, rather than CHD or its treatment, is largely responsible [61] .
Prognostic implications
Impaired renal function in ACHD is strongly associated with mortality. Also, 6-year mortality with moderately or severely reduced GFR was 5-fold higher than with normal renal function (Fig. 2) . Notably, renal function is associated with mortality independent of markers of worsening cardiac disease (including functional class and systemic ventricular function), implying it is more than just a marker of advanced disease [58] . Renal dysfunction may drive poorer outcomes by causing volume overload, hypertension, or anemia. Additionally, renal dysfunction increases perioperative risk and impacts both medical and surgical treatment options in CHD [58, 61] . Renal and cardiac functions are inextricably linked in advanced CHD, and early detection and management of either may be protective to both (as well as other) organ systems [62] .
Management
Given the high prevalence of nephropathy in ACHD patients, every effort should be made to avoid renal insults. In addition to serial monitoring of renal function (especially in high-risk populations such as CCHD), medications should be reviewed for potential nephrotoxicity. Additionally, adequate prehydration and judicious contrast use should be ensured [7] . Finally, assessment of renal artery anatomy and/or flow should be performed in patients with supravalvular aortic stenosis [7] .
There is no management strategy specific to CHD for established renal dysfunction. There are case reports of combined heart-kidney transplant for CHD patients with advanced renal failure, but no systematic study of this strategy has been undertaken [55, 63] .
Hematologic
Thrombosis in CHD
Multiple CHD populations are at higher risk for thrombosis due to hematologic abnormalities, stasis (as in atrial arrhythmias and chamber enlargement), thrombosis of prior interventional sites (stents, grafts, and baffles), and thrombosis due to frequent invasive procedures (catheterization access sites). Moreover, many CHD patients are at higher risk for morbidity or mortality due to thrombosis, for example, due to paradoxical embolization of thrombus (in right-to-left shunts), occlusion of collaterals, or hemodynamic disturbance (e.g., Fontan-palliated patients and those with PH). Detailed CHD-specific recommendations regarding prevention and management of thrombosis have been published, but the majority of existing data relates to pediatric populations [64] .
Anemia
Anemia is common in ACHD, with 13% of non-cyanotic and 29% of complex non-cyanotic ACHD (TGA and Fontanpalliated patients) affected, respectively [65, 66] . Anemia in non-cyanotic ACHD is likely multifactorial, with potential mechanisms including iron deficiency, co-existing renal dysfunction, bleeding (either iatrogenic or due to intrinsic coagulopathy), and anemia of chronic disease.
Importantly, anemic non-cyanotic ACHD patients have a 3-fold higher 5-year mortality than non-anemic controls [66] . Although anemia predicts mortality in part as a marker of disease severity (including renal dysfunction), it is also independently associated with mortality [65, 66] . For this reason, the cause of anemia in ACHD patients should be determined and managed aggressively.
Hematologic consequences of CCHD
There are multiple hematologic consequences of CCHDrelated chronic cyanosis, including thrombosis, bleeding, iron deficiency, and hyperviscosity. Defining anemia in CCHD is difficult, as optimal hemoglobin concentration is dependent on degree of hypoxemia [67] . Erythrocytosis and supranormal hemoglobin concentrations result from hypoxemia. Relative anemia, therefore, occurs at much higher hemoglobin levels than in the general population, and often goes unnoticed. Using a definition for anemia corrected for baseline hypoxemia, 61% of CCHD patients are affected [21] .
A major cause of relative anemia in CCHD is iron deficiency. More than a third of CCHD patients are iron deficient [68] [69] [70] . Typical indices of iron deficiency including hypochromia and microcytosis are often absent; exclusion of iron deficiency, therefore, requires a complete iron metabolism workup, including serum ferritin and transferrin levels [68] . Importantly, iron deficiency has been identified as a predictor of stroke in CCHD patients, perhaps related to reduced deformability of microcytic red blood cells [71] . For this reason phlebotomy, which can further provoke iron deficiency, is reserved for patients with high hemoglobin and symptoms of hyperviscosity (discussed below). Iron deficiency should be avoided in CCHD, with oral iron supplementation as needed to normalize ferritin levels remaining mindful of an overly robust rise in hematocrit [7] . Although physicians are often uncomfortable administering iron in patients with high hematocrit, supplementation has been shown to improve exercise capacity and quality of life in iron-deficient cyanotic patients without increasing hyperviscosity risk [69, 72] .
CCHD patients have increased pulmonary and cerebrovascular thromboembolic risk [13] . Although impaired clot lysis has been identified as a potential prothombotic mechanism [73] , thromboembolic events have not been correlated with hemostatic abnormalities or erythrocytosis [13] . Thrombosis in this population may, therefore, be primarily driven by other elements of Virchow's triad, including stasis due to slow flow in dilated chambers or atrial arrhythmias.
CCHD patients also have a bleeding diathesis, and recent research has identified hypocoagulable hemostatic profiles [14, 73] . Thromboelastography in cyanotic patients reveals delayed activation of hemostatic mechanisms and slowed clot formation [73] , with the degree of coagulation impairment correlated with hematocrit elevations [14] . Indeed, hemostatic improvement was seen with phlebotomy and more impaired coagulation with iron supplementation [14] . Counterintuitively, this suggests a role for phlebotomy in polycythemic CCHD patients preoperatively or during active bleeding [7, 14, 64] .
Acquired von Willebrand syndrome (AVWS) also contributes to the bleeding diathesis of CCHD. A recent study of 221 consecutive ACHD patients found AVWS in 21% of patients, including 71% of screened Eisenmenger patients and 29% of patients with intracardiac shunts [74] . Pre-procedural screening for AVWS should be considered in these subgroups.
CCHD is also associated with thrombocytopenia, and 25% have platelet counts less than 100 Â 10 9 /L, with counts inversely correlating with hematocrit [75] . Thrombocytopenia may result from decreased fragmentation of megakaryocytes into platelets in the setting of right-to-left shunting. Intact megakaryocytes are able to enter systemic circulation without passing through the pulmonary bed, where they are normally fragmented into platelets. Consistent with this hypothesis, hypoxemia without shunting (e.g., in high altitude environments) does not lead to thrombocytopenia [75] .
Hyperviscosity in CCHD
Extreme erythrocytosis due to chronic hypoxemia in CCHD predisposes to hyperviscosity syndrome, characterized by such nonspecific symptoms as fatigue, headache, visual changes, and dizziness/faintness. Chronically polycythemic patients-especially those with hematocrits 465%-are at risk for developing symptoms. Acute exacerbations can be provoked by increase in hematocrit, as in dehydration in the setting of systemic illness [76] . Importantly, many of the symptoms of hyperviscosity can also be caused by iron deficiency, mandating a comprehensive workup. Long-term management of chronically polycythemic patients is unclear. Chronic prevention or treatment of hyperviscosity by phlebotomy must be balanced against the risk of provoking iron deficiency, and current ACHD guidelines do not support routine phlebotomy to prevent hyperviscosity. Rather, therapeutic phlebotomy is reserved only for symptomatic hyperviscosity with hemoglobin 420 mg/dL and hematocrit 465% [7, 64] . There are case reports of hydroxyurea treatment, but further study is needed [77] .
Endocrine
There are multiple specific syndromic associations between CHD and endocrinopathy, including Turner syndrome [with estrogen deficiency, diabetes mellitus (DM), and hypothyroidism] [78] , DiGeorge (22q11.2 deletion) syndrome (with hypocalcemia and Grave's disease), Williams-Beuren syndrome (with hypercalcemia, DM, and hypothyroidism), and Down syndrome (with thyroid disorders and DM). More commonly, ACHD is associated with abnormal glucose metabolism (AGM) including insulin resistance, impaired glucose tolerance, and DM. In a study of Japanese complex ACHD patients, AGM was 10-fold more common than the general population, and DM was present in 10% of patients. This was hypothesized as a secondary effect of ACHD-related comorbidities. Specifically, neurohormonal activation (in the context of heart failure or diuretic use), renal insufficiency, and hepatic dysfunction all are known to predispose to AGM and are commonly seen in ACHD [79] . Prevention and management of AGM in ACHD should be included in the long-term management of ACHD.
Pregnancy
Pregnancy, labor, and delivery impose significant physiologic and psychosocial challenges on CHD patients, but most can have successful courses when managed appropriately [20] . A detailed description of the management of pregnancy in ACHD is beyond the scope of this review; interested readers are directed instead to Greutmann and Pieper [80] for an excellent discussion. Many aspects of the pregnant CHD patient are lesion specific, but nearly all cases benefit from an interdisciplinary team including ACHD, subspecialty obstetrics, and obstetric anesthesia providers. Planning ideally begins with preconception and includes genetic counseling (when appropriate), risk assessment, patient and provider education, and interdisciplinary discussion of management and potential complications. Maternal complications include arrhythmias, heart failure, obstetric complications (e.g., pregnancy induced hypertension, and pre-eclampsia), infection, and thromboembolism.
Conclusions
The population of ACHD patients has grown rapidly over several decades and continued strides in their treatment portend further growth. Increasing clinical experience and research has illuminated the many extra-cardiac manifestations and complications of ACHD and highlighted its nature as a systemic disease. ACHD patients are, therefore, best served by a multidisciplinary approach most often found at tertiary care centers and by specialists whose expertise extends beyond structural heart disease.
Adult-medicine providers are best able to care for the many adult-specific aspects of ACHD care. Systemic complications arising over a lifetime of CHD differ from those in a younger population. Moreover, the management of nearly any noncardiac, adult pathology is influenced by (or often the result of) concurrent CHD. Finally, increased survival into adulthood means more ACHD patients require routine adult health maintenance programs best implemented by adult providers.
The prevalence and risk factors for many extra-cardiac manifestations of ACHD have now been identified, but ACHD-specific strategies for their prevention or management remain a needed focus for future research. r e f e r e n c e s
